The production of biobutanol was studied by the cultivation of Clostridium acetobutylicum NCIMB 13557 in P2 medium including date fruit as the sole substrate. The effect of P2 medium and the effect of different concentrations of date fruit ranging from 10 to 100 g/L on biobutanol production were investigated. Anaerobic batch culture was carried out at 35 ∘ C incubation temperature and pH 7.0 ± 0.2 for 72 h. Experimental results showed that the lowest yield of biobutanol and acetone-butanol-ethanol (ABE) was 0.32 and 0.35 gram per gram of carbohydrate consumed (g/g), respectively, when an initial date fruit concentration of 10 g/L was utilized. At this fruit date concentration a biobutanol production value of 1.56 g/L was obtained. On the other hand, the maximum yield of biobutanol (0.48 g/g) and ABE (0.63 g/g) was produced at 50 g/L date fruit concentration with a biobutanol production value as high as 11 g/L. However, when a higher initial date fruit concentration was used, biobutanol and ABE production decreased to reach the yield of 0.22 g/g and 0.35 g/g, respectively, where 100 g/L date fruit was used. Similar results also revealed that 10.03 g/L biobutanol was produced using 100 g/L date fruit.
Introduction
The worldwide interest has been shown for finding sustainable and low-cost energy sources with reducing the global warming. Therefore, nowadays a number of attempts have been made for using biofuels as petroleum-derived transportation fuels [1] . Among the varieties of biofuels which are currently available, bioethanol as a partial replacement gasoline has gained the attention of commercial sectors during the last few years. In this regard, much progress has been made in terms of improved strain development, fermentation processes for cellulosic biomass, and separation techniques [2, 3] . Biobutanol is a superb biofuel with many advantages over bioethanol, such as higher energy content, higher blending rate with gasoline without engine modification, convenient distribution using current pipeline infrastructure, and better auto emission performance [4] .
Butanol is commonly produced in acetone-butanolethanol (ABE) fermentation process. ABE fermentation process is one of the main biochemical processes of biofuel production which has found industrial application [5] . Biobutanol is produced by microorganisms in ABE fermentation process using sustainable carbohydrate sources such as lignocellulosic biomass. It has been shown that Clostridium species are capable of producing biobutanol [6] . ABE fermentation process includes two phases. The first phase is known as the acidogenic phase. During this phase, the acid formation pathways are activated in which carbohydrate substrates particularly glucose are fermented to organic acids. Acetate, butyrate, hydrogen, and carbon dioxide are the major 2 The Scientific World Journal products of this phase. This acidogenic phase usually occurs during the exponential growth phase of Clostridium species. The second phase is the solventogenic phase in which acids reassimilation occurs. The products obtained in this phase are mainly acetone, butanol, and ethanol [7] .
A large quantity of ABE production costs are related to substrate costs. Hence, the utilization of a low-cost renewable carbohydrate source can decrease biobutanol production costs. The date palm (Phoenix dactylifera L.) has been found to be an important bioenergy production source since it contains a high percentage of carbohydrate with a total sugar percentage of 70%. Fruit dates also consist of fat (0.2-0.5%), salts and minerals (15%), protein (2.3-5.6%), and vitamins and a high percentage of dietary fiber (6.4-11.5%). The flesh of dates contains 0.2-0.5% oil, whereas the seed contains 7.7-9.7% oil [6, 8] . Although a number of carbohydrate-based bioenergy sources have been utilized for biobutanol production [9, 10] , much less work has been performed to use palm dates for biobutanol production in ABE fermentation process [6] . In the previous study, the optimization of process parameters including initial pH of culture and incubation temperature for biobutanol product using fruit date was performed [11] . The current study aimed at enhancing biobutanol production by C. acetobutylicum NCIMB 13357 from date palm in ABE fermentation. The effect of the defined medium, namely P2 medium, on butanol production was also investigated.
Materials and Methods

2.1.
Microorganism. C. acetobutylicum NCIMB 13357 was provided by the Biotechnology Laboratory, Chemical and Process Engineering Department of UKM. Fresh inoculum suspension was prepared by maintaining C. acetobutylicum NCIMB 13357 in reinforced clostridium medium (RCM) [14] . Prepared RCM was then incubated at 35 ∘ C for 24 hours under anaerobic conditions and directly used in the experiments. The inoculum size of 10% was used to inoculate the fermentation medium.
Substrate and Medium Preparation.
Dried date fruit of 100 g was blended and mixed in distilled water to make the final volume of 1000 mL. It was then filtered to remove solid particles and mixed with synthetic P2 medium in known proportion to prepare a final fermentation medium containing varied date fruit concentrations ranging from 10 to 100 g/L. Synthetic P2 medium had the following composition (in g/L): yeast extract, 
Analytic Methods.
Anthrone method [16] was used to determine the amount of the total carbohydrate consumed during the fermentation process. Solvents and acids concentrations were determined by gas chromatograph with capillary column (Equity-1 Supelco) as previously described [17] . The yield of products was calculated as the total ABE or butanol produced divided by the total carbohydrate utilized. The yield of products was expressed as gram/gram. The productivity of butanol and ABE was calculated as the total ABE and butanol (gram/Liter) divided by fermentation time (hour) which was expressed as g/L/h.
Results and Discussion
Biobutanol Production.
As previously mentioned, the production of clostridial solvent is a biphasic process. At the first phase (the acidogenic phase) acids forming pathways are activated in which acetate, butyrate, hydrogen, and carbon dioxide are produced as major products. This acidogenic phase usually occurs during the exponential growth phase [18, 19] . The second phase is the solventogenic phase during which acids are reassimilated and used in the production of acetone, butanol, and ethanol. During ABE fermentation processes, Clostridium acetobutylicum can utilize the sugar (carbohydrate source) in the medium and convert it to acetone, ethanol, and butanol.
The production of butanol and other solvents by C. acetobutylicum NCIMB13357 in this study is shown in Figure 1 (a). Figure 1 (b) illustrates acetic acid and butyric acid production. Total ABE and total acids production are depicted in Figure 1(c). As shown in Figure 1 (a), the highest level of butanol (11 g/L) was obtained at 50 g/L date fruit, while fermentation culture exhibited the lowest amount of butanol (1.56 g/L) at l0 g/L of date fruit with the production of ethanol and acetone values of 0.13 g/L and 0.02 g/L, respectively. The low amount of fermentation products at a relatively low initial date fruit concentration can be attributed to the low amount of carbon source which represents mass action [20] . Obviously, the production of butanol increased drastically with increasing date fruit concentration from 10 g/L to 50 g/L indicating that the production of butanol in anaerobic fermentation was accompanied by the utilization of the carbohydrate source (date fruit) mixed in P2 medium as supplement media. Hence, the initial carbohydrate concentration performed an important role in the amount of butanol production during the fermentation process. However, an increase in carbohydrate source at higher concentrations than 50 g/L date fruit had no considerable increase in butanol production which was possibly because of keeping constant microbial metabolism for butanol production. As can be found, increased date fruit concentrations from 10 to 100 g/L concurrently caused a slow 
Products (g/L) rise in ethanol and acetone production to obtain the highest concentration ethanol and acetone with values as high as 1.52 g/L and 4.74 g/L, respectively, using 100 g/L date fruit. The lower butanol production at higher level of date fruit can be explained by the fact that the carbon flux at high carbohydrate concentrations causes microbial metabolism to be more directed to the production of reduced by-products such as ethanol and organic acids [21] . Experimental results also revealed that the maximum concentrations of butyric acid (1.47 g/L) and acetic acid (1.28 g/L) were produced at 20 g/L and 30 g/L of date fruit concentration, respectively (Figure 1(b) ). As shown, the values of 0.86 g/L and 1.38 g/L were measured for the acetic acid and butyric acid, respectively, when 50 g/L of date fruit was used. As can be seen from Figure 1(c) , the highest concentration of total solvent production (16.29 g/L) was obtained when 100 g/L fruit date was utilized. Formanek et al. [22] reported that the amounts of butanol, acetone, and ethanol produced by C. beijerinckii BA101 were 18.6 g/L, 8.6 g/L, and 0.3 g/L, respectively, using semidefined P2 medium containing 6% maltodextrin or glucose. However, in the same study fulfilled by Formanek et al. [22] 9.2 g/L butanol, 4.4 g/L acetone, and 0.9 g/L ethanol were produced when C. beijerinckii 8052 was cultivated.
As can be seen, at 30 g/L of date fruit the amount of butanol produced was 6.26 g/L and a total solvent was 7.72 g/L (Figure 1 ). Similar to this study, Al-Shorgani et al. [23] found that the amount of 5.36 g/1 biobutanol and 7.57 g/L total solvents was produced by cultivation of C. acetobutylicum in P2 medium containing 30 g/L of glucose. As shown in Table 1 , the total sugar consumed by C. acetobutylicum had a progressive pattern from 10 to 100 g/L date fruit concentration, while the maximum butanol yield reached up to 50 g/L date fruit concentration and a higher addition of carbohydrate source had no favorable effect on 4
The Scientific World Journal Table 2 : A comparison of butanol, acetone, ethanol, acetic acid, and butyric acid production from date fruit with different modified media in batch culture using C. acetobutylicum NCIMB 13357. enhanced butanol production implying that 50 g/L date fruit provided an optimum sugar concentration for the highest butanol production. This finding could be attributed to the changes in microbial metabolism of carbon source to the reduced efficiency of metabolic activity known as overflow metabolism [24] . The increasing sugar consumption despite no increase in biobutanol production higher than 50 g/L date fruit could be related to sugar consumed for the production of acetone and ethanol (Figure 1 ).
Effect of Medium.
Fermentation medium has been shown to perform significant effect on fermentation process and product formation. Regarding enhancing butanol production by C. acetobutylicum NCIMB 13357 using date fruit as carbohydrate source, Khamaiseh et al. [13] found that the maximum biobutanol production by Clostridium acetobutylicum was 5.31 g/L using modified medium containing 40 g/L date fruit (Table 2 ). They also observed that total solvent and total acids were 8.5 g/L and 5.0 g/L, respectively, with 16.3 g/L sugar consumed (Table 3 ). In a similar study carried out by Khamaiseh et al. [11] C. acetobutylicum was cultivated in reinforced clostridial medium (RCM) containing date fruit as a carbohydrate source. They found that the maximum concentration of butanol produced by C. acetobutylicum was 4.4 g/L using 40 g/L date fruit (Tables 2-3 ). In comparison to previously mentioned studies, this research study has shown a considerable increase in butanol and total solvent production by C. acetobutylicum using P2 medium indicating the high ability of C. acetobutylicum for butanol production by consuming a relatively low concentration of date fruit as carbohydrate source.
On the other hand, as shown in Table 3 , the productivity of butanol and ABE increased using date fruit mixed in P2 medium compared to that when modified date fruit medium and date fruit mixed in RCM were used indicating the enhancement of product formation by C. acetobutylicum when P2 medium was employed.
The results obtained from this study also showed that the yield of biobutanol and ABE increased compared to products yield measured in previous studies using modified date fruit medium and RCM broth ( Table 3 ). The glucose has been observed to be the most favorable substrate for butanol production by Clostridium acetobutylicum. Moreover, it has been shown that yeast extract and mineral supplements such as K 2 HPO 4 , NaCl, and MgSO 4 have significant effect on the increment of biobutanol production by Clostridium species [10, 25] . Consequently, P2 medium had favorable supplements for the growth of C. acetobutylicum to produce more butanol and solvents and to cause higher productivity The Scientific World Journal 5 Table 3 : A comparison of ABE and acids production from date fruit with different modified media in batch culture using C. acetobutylicum NCIMB 13357. Table 5 : Product formation by C. acetobutylicum NCIMB 13357 in ABE fermentation process using 50 g/L date fruit in P2 medium. of butanol and ABE. From the results presented it is deduced that butanol production is dependent on both the type of medium and the concentration of substrates used.
Effect of Incubation Time.
In order to study the effect of fermentation time on the production of butanol, solvents and acids by C. acetobutylicum, batch culture fermentation was run using 50 g/L date fruit in P2 medium at 35 ∘ C for 72 h. Fermentation culture was collected every 6 h to carry out analytical assay. Tables 4-5 represent product formation during 72 h fermentation. As can be seen, the maximum concentration of total acids produced during fermentation was 4.7 g/L after 12 h fermentation process. Furthermore, the maximum concentrations of biobutanol (11 g/L), ethanol 
Products (g/L) (0.74 g/L), and acetone (2.83 g/L) productions were obtained after 60 h fermentation with the total solvents concentration of 14.51 g/L. As is evident, the product formation was kept constant to the end of the fermentation process. Similar pattern was observed for the yield of butanol and ABE (solvents) ( Table 4) . As shown, the maximum yield of butanol and ABE was 0.44 and 0.58 g/g, respectively, after 60 h fermentation process. Table 4 also shows that the highest productivity of butanol 0.32 (g/L/h) and ABE (0.39 g/L/h) was measured after 24 h fermentation process. Figure 2 depicts the fermentation time process in relation to product formation studied by C. acetobutylicum using P2 medium during 72 h fermentation process. As can be found, the highest amounts of acetic acid and butyric acid were produced during 20 h fermentation time (Figure 2(a) ), which is consistent with exponential growth rate (Figure 2(b) ), suggesting the high ability of C. acetobutylicum to consume the carbohydrate source of date fruit for acid formation using P2 medium. As is evident from Figure 2 , the reassimilation of acids remarkably increased after 20 h fermentation time up to maximum production at 60 h implying that microbial pathway of solventogenic phase intensified at stationary phase of growth rate.
Conclusions
This study showed fermentative butanol production by C. acetobutylicum NCIMB 13557 from date fruit using P2 medium as a nutrient supplement. The maximum butanol produced was 11 g/L using 50 g/L date fruit mixed in P2 medium. At this fruit date concentration the highest yield and productivity of butanol were 0.48 g/g and 0.16 g/L/h, respectively. The results of this study could be applied to the development of the butanol production process to obtain more amounts of butanol.
